Proper disposal of industrial waste can be very burdensome and expensive. On the other hand, improper disposal leads to environmental denigration. A brilliant, safe and cheap means of industrial waste disposal is its addition to concrete. These wastes are added to concrete to modify or improve the properties of the concrete in its fresh and/or hardened state. Used engine oil (UEO) and Silica fume (SF) are industrial wastes that can cause serious environmental pollution. A gallon of UEO is sufficient to pollute a million gallons of water. In this study, two types of UEOs (petrol and diesel engines) and SF are incorporated into concrete to improve the latter's properties. The two UEOs are applied since they differ in chemical composition and undergo different operations. This study involves obtaining the optimum amounts of UEOs by considering workability and 28-day compressive strengths. Thereafter, SF of 10 % and 15 % replacement of cement was added to concrete with optimum UEOs and the properties were evaluated. The results showed that the UEOs and SF can be disposed of by adding to concrete to modify or improve properties. The results showed that the optimum DUEO and PUEO are 0.8 % and 0.6 % with 32 N/mm 2 and 31 N/mm 2 compressive strengths. The addition of the SF decreased workability by as much as 17.6 %, while having no significant influence on the compacting factor. In addition, the 10 % and 15 % of SF showed increase in the compressive strength of concrete with optimum UEOs by as much as 37 %.
INTRODUCTION
Rapid increase in population and development has resulted in enormous quantities of waste materials, and the disposal of such waste presents a big, continuous challenge. The common methods of landfilling and ground burying have proven unhealthy due to environmental and water body pollution. It was reported that less than 45 % of used engine oil is collected worldwide while the other 55 % ends up in our environment [1] . It is stated that a gallon of UEO is sufficient to pollute a million gallons of water when disposed of improperly [ 2] . In view of these challenges, the act of recycling and reusing waste materials is gaining attention [3] . The process provides a sustainable practical solution to safe disposal and usage of waste ____________________________________________________________________________ 2020 / 24 125 strength concrete containing 10 % of fly ash. In 2015, Mo et al. [12] showed that addition of high volume slag to oil palm shell concrete could produce light weight concrete suitable for structural use. They investigated the bond and mechanical properties of oil palm shell concrete with different slag content. Although increased slag content decreased compressive strength, oil palm shell concrete with 60 % slag content achieved splitting tensile and compressive strengths of 2.3 and 25 MPa, respectively. It was also found that slag content of 60 % cement replacement level had no significant adverse effects on the normaliz ed bond strength, bond strength-slip curve, failure mode and slip at the ultimate bond strength of the oil palm shell concrete. The flexural tests results showed no negative effects on the ultimate moment capacity, failure mode and moment-deflection of the reinforced concrete. Utilizing another agricultural waste, Algin and Turbut [13] added cotton waste lime powder to concrete. They presented a parametric experimental study to investigate the usage of cotton and limestone powder wastes to produce low cost and lightweight concrete. The obtained compressive strength, flexural strength, ultrasonic pulse velocity, unit weight and water absorption values satisfied relevant international standards. The results showed that the effect of high level replacement of cotton and limestone powder wastes did not exhibit sudden brittle fracture even beyond the failure loads and indicated high energy absorption capacity, reduced unit weight dramatically and introduced smother surface compared to the current concrete bricks in the market. They recommended the usage of cotton and limestone powder wastes in brick production plants.
In addition, industries produce very harmful and vast amounts of waste [14] . These waste materials have been widely used in concrete properties modification. For example, Alyamac and Ince [15] stated that marble dust had no effect on the workability of fresh self-compacting concrete. They stated that marble waste materials can successfully and economically improve some properties of fresh and hardened self-compacting concrete. They applied slump-flow, T500 time, L-box, V-funnel and sieve segregation resistance tests on fresh concrete, while compressive and split-tension strengths tests at 7, 28 and 90 days on hardened concrete. Qian et al. [16] studied the self-healing behaviour of concrete with blast furnace slag and limestone powder. Gencel et al. [17] replaced aggregate with waste marble to produce paving blocks and the physical and mechanical properties of the produced blocked were tested. The addition of waste marble reduced the compressive strength and increased the freeze-thaw and abrasion resistance. They concluded that the type of cement is an important factor in paving block production and that waste marble is preferable to the usual aggregate used in concrete paving block production. Investigation by Murali et al. [18] showed that concrete blocks with steel powder could increase compressive and tensile strengths by 41 % and 40 % respectively. The authors studied the effect of waste metals like la the waste, empty waste tins, soft drink bottle caps, waste steel powder at a dosage of 1 % of total weight of concrete as fibres. Soft drink bottle caps reinforced blocks exhibited an increase in flexural strength of concrete by 26 %. Ismail and Al-Hashmi [19] stated that iron fillings are a suitable substitute for fine aggregate in concrete composite. Foti [20] added shredded metal pet bottles as fibre in concrete. Tests were performed on concrete with metal fibers from waste polyethylene terephthalate (PET) bottles. Mo et al. [21] stated that steel fibre increased the flexural toughness of oil palm shell concrete by 6 times. The pre-peak response through the mechanical property tests shows an increase of up to 178 %, 88 % and 41 % for splitting tensile, flexural and direct tensile strengths, respectively. Pelisser et al. [22] reported the excellent performance of recycled rubber tire in concrete. Their work facilitated the development of concrete with a lesser environmental impact. The concrete was produced with replacement of 10 % sand aggregate by recycled tire rubber by using conventional rubber and Environmental and Climate Technologies ____________________________________________________________________________ 2020 / 24 126 rubber modified with alkaline activation. This was furthered by addition o f silica fume to improve the mechanical properties of the material. The concrete characterization was performed by testing the compressive strength, density, elastic modulus and microstructure and the recycled tire rubber was proven to be an excellent aggr egate to use in the concrete. The results showed that the compressive strength was decreased by 14 % at 28 days, compared to 48 MPa of conventional concrete. The authors concluded that the rubberized concrete can support construction sustainability, minimize the consumption of natural resources by using an industrial residue and produce a material with special features.
Silica fume (SF) and UEOs are important industrial waste products that can be very harmful to the environment. Addition of these waste products to modify properties of concrete will be a good way to dispose of these products. Several studies have been carried out in this regard. Rashad et al. [23] showed higher compressive strength and abrasion resistance of high-volume fly ash (HVFA) concrete when SF was added. Fly ash partially replaced cement at 70 % to produce high-volume fly ash concrete. The produced HVFA concrete was thereafter modified by replacing fly ash with SF and ground granulated blast-furnace slag (GGBS) of 10 % and 20 % respectively. Wongkeo et al. [24] investigated the effect of high-calcium fly ash and SF as a binary and ternary blended cement on compressive strength and chloride resistance of self-compacting concrete (SCC). The high-calcium fly ash (40-70 %) and SF (0-10 %) replaced cement at 50 %, 60 % and 70 % by weight. The results showed that binary blended cement with high level fly ash generally reduced the compressive strength of SCC but the ternary blended cement with fly ash and SF gained higher compressive strength compared to binary blended fly ash cement. They stated that SF decreased water absorption and voids in self-compacting concrete (SCC) while the compressive strength increased. Elchalakani [25] showed that addition of SF to tire rubber particle as a portion replacing fine aggregate increased the compressive and flexural strength as well as the modulus of elasticity. Their study involved preparation of normal and high strength concrete that contained recycled waste tire rubber. The tire rubber particle was composed of a combination of crumb rubber and fine rubber powder used to replace 10 %, 20 %, 30 % and 40 % by total weight of the fine mineral aggregate. Gupta et al. [26] applied 3 portions of SF as a partial replacement of concrete in waste rubber tyre fiber concrete. The results showed that the compressive strength reduced as the rubber fibre replacement of fine aggregate increased. Experimental investigation to evaluate the density, compressive strength, static modulus of elasticity, water permeability, dynamic modulus of elasticity and chloride diffusion was carried-out on concrete with rubber fibers which were applied to replace fine aggregates. The rubber fibers were added at six contents (0, 5, 10, 15, 20 and 25 %) as partial replacement of sand and three levels of SF (0, 5 and 10 %) as partial replacement of cement. The results from Okoye et al. [27] have shown that addition of SF improved the compressive, tensile and flexural strengths of the produced geopolymer concrete as the SF content increased. It was stated that SF decreased workability. They produced fly ash based geopolymer concrete with different contents of SF by using NaOH/sodium silicate and cured the concrete at 100 °C. Sodium hydroxide (14 M) and sodium silicate were used as alkali activators. The authors also stated that geopolymer concrete was durable in the presence of 2 % H2SO4, 5 % Na2SO4 and 5 % NaCl.
On usage of engine oil, Ejeh and Uche [28] reported that concrete immersed in oil solution and water/crude oil mix had lower compressive and rate of strength but higher corrosion resistance than those immersed in water. The specimens of concrete were subjected to a concentrated crude oil solution and simulated water/crude oil mix and cured at ambient temperature to 3, 7, 28 and 56 days. The results obtained showed that the corrosion rate was highest in undiluted crude oil than in the crude oil/water mix. Hamad et al. [29] investigated the effects of UEO and showed increased slump, and no adverse effect on compressive strength. The main variables considered were quantity and type of air-entraining, mixing time and water/cement. The authors also stated that UEO did not significantly affect the ultimate load or deflection of structural members. Shafiq et al. [30] stated that UEO increased slump by 18 to 38 % and air content by 26 to 58 %. Later on, Shafiq et al. [31] stated that addition of used engine oil increased concrete slump by between 18 % to 38 % and air content by 26 % to 58 %. The porosity and permeability reduced and the compressive strength was approximately the same. Abdelaziz [32] utilized UEO in OPC concrete to increase the initial slump and air content, and decreased rate of slump loss and initial setti ng. A slight decrease in the 28-day compressive, density and degree of hydration were observed. Chin et al. [33] on OPC concrete beams with UEO and new engine oil showed a higher capacity of 18-26 % than the control mix. The test was carried out by applying ten concrete beams with 0.15 % dosage of used engine oil. Ajagbe et al. [34] stated that oil impacted-sand adversely affected compressive strength by as much as 50 % when more than 5 %. The concrete mix was 1:1.8:2.7 and w/c of 0.5, then five different crude oil contents by weight of sand were added to contaminate the sand. The crude oil impacted sand concrete samples showed a slow rate of strength gained compared to the control samples. Jia et al. [35] showed that UEO up to 5 % significantly changed the infrared spectra and rheological properties of road asphalt binder, and this improves performance at low temperatures. De Dene and You [36] applied UEO as a reducing agent in recycled asphalt pavement.
A further study by Shafiq et al. [37] presented experimental results on investigation of effects of UEO on slump and hardened concrete properties by using three different groups of concrete; 100 % OPC concrete, concrete with 60 % OPC + 40 % fly ash and concrete with 80 % OPC + 20 % rice husk ash. Each group had a control mix and a mix with 0.15 % dosage of UEO. The result confirmed that a small dosage of UEO increased the slump of concrete. They attributed this to the presence of 37 % SO3 content in UEO. The UEO caused variation in the compressive strength in the range of ±20 % as compared to the control mix. The results also indicated that a small dosage of UEO enhanced long-term durability by substantial reduction in coefficient of oxygen permeability and porosity of all concrete mixes. Svintsov [38] determined the effects of petroleum products with different viscosity (lamp kerosene, industrial oil I-30A, diesel fuel, furnace mazut M-40) on the longitudinal and transverse deformation of concrete under axial compression. The study indicated experimentally that longitudinal and transverse deformations depended on the viscosity of the impregn ated petroleum product and the value of axial compression. Recently, Ajagbe and Rabiu [39] carried out tests to assess the durability of concrete with oil impacted-sand. The concrete was tested for sulphate and chloride resistance as well as water absorption and fire resistance. The sand samples had 0 %, 2.5 %, 5 %, 10 % and 15 % by weight contamination of oil, while the concrete design mix of 1:1.8:2.7 was applied. The results showed increased durability properties (sulphate and chloride resistance and water absorption) in concrete with oil impacted-sand as the contamination level increased. However, concrete with oil impacted-sand experienced reduction in strength when exposed to fire as the concentration of crude oil increases.
Past investigations have shown that properties of concrete have been modified with various degrees of SF and UEO. These properties include slump, porosity, air -entraining, and compressive strength. The chemical composition of new diesel-engine engine oil and petrolengine engine oil and the operations they undergo are quite different, thus resulting to two different UEOs with different chemical and physical properties. No available literature has compared the effects of diesel-engine used engine oil (DUEO) and petrol-engine used engine oil (PUEO) on OPC concrete. In addition, no investigation has been reported to evaluate the effect of SF on concrete containing UEO. Therefore, this study investigates the effects of DUEO and PUEO on OPC concrete. Thereafter, the optimum amount of UEOs (DUEO and PUEO) for workability and compressive strength are obtained, and SF is added at 10 % and 15 % replacement of cement. The investigation makes a comparison between the two UEOs and the control sample.
EXPERIMENT

Materials
Cement. The cement used as binder for this investigation was commercially available Ordinary Portland Cement (OPC) [40] from Cement Industries of Malaysia Berhad (CIMA). The chemical and physical properties of OPC are highlighted in Table 1 .
Water. Clean tap water was used in this investigation according to BS 3148 [41] . The water aided the hydration of cement, thus causing setting and hardening of the concrete.
Aggregates. The fine aggregate was river sand obtained locally that passed through 600 μm sieve and had a fineness modulus of 2.5. For the coarse aggregate, the maximum size was 14 mm. The coarse aggregate was from crushed igneous rock. Sieve analysis was conducted on both aggregates, and the grading curves of the fine and coarse aggregates are shown in Fig. 1 . These aggregates conform to BS 882 [42] . Both aggregates were washed with water and air dried to ensure that the water/cement ratio was not being affected. Engine oils. Two types of UEOs were used in this investigation, and they are UEO from petrol-engine (PUEO) and diesel-engine (DUEO). They were collected from a local mechanical car service station at Batu Pahat in Johor State. The PUEO was collected after the vehicle travelled a distance of 5000 km, while the DUEO was collected after a truck covered a distance of 20 000 km. These two UEOs are shown in Fig. 2 .
Silica fume. Silica fume (SF) used in this investigation was commercially available SF from Elkem materials in dry densified state with Grade 920. This complies with the mandatory requirements of BS EN 13263-1 [43] . The SF had spherical shape particles that have great significance in the flowability in the mix with Portland cement based concrete, and a surface area of 17 950 m 2 /kg. SF was added as a partial replacement of the cement at levels of 10 % and 15 % by weight of the total cementitious material (OPC) with optimum amount of UEOs. The chemical and physical compositions of the SF are given in Table 2 . 
Test specimens
A total of 114 concrete cubes of 100 × 100 × 100 mm were made. The mix ratio adopted for the mix was 1:1.91:2.87 at a water/cement ratio of 0.45. The mix was designed to achieve a nominal 28 days concrete compressive strength of 35 N/mm 2 . Mixing was carried out at a room temperature of 27 °C and at 70 % relative humidity. To obtain a homogeneous mix, the aggregates were poured in the mixer with half of the mixing water, and mixed for one minute, after which cement was added gradually and mixed for another minute. The UEO was mixed with the remaining half of the water and then added to the mix and mixed for 3 minutes. Various percentages of UEOs were added to the mix. Similar, 10 % and 15 % SF replacement of cement were added to the concrete with the optimum amount of UEOs. Table 3 shows details of the samples.
Testing methods
Setting times. The initial and final setting times were estimated in accordance with MS EN l96-3:2007. To measure the setting times of cement, tests on cement of standard consistency were done. Normal consistency of standard cement was gained by using the W/C ratio. The Vicat apparatus was used but the plunger was replaced by a steel needle in the form of a right cylinder of effective length (50 ± 1) mm and diameter (1.13 ± 0.05) mm.
Workability. The workability of the concrete sample was done using slump test. This was done in compliance with BS EN 12350-2:2000 standard. A cone frustum mould of height 300 mm was used to carry out this test. The bigger opening was placed on a flat surface, and the mould filled with concrete. The filling was done in three layers, with each layer tampered 25 times with a standard 16 mm diameter rod. Fig. 3 is a picture taken during the slump test.
Compaction test. The compaction of concrete was estimated by carrying out a compaction test. The degree of compaction is defined as the density ratio. That is, the ratio of density actually achieved in the test to the density of the same concrete fully compacted. This test is described in BS1881: Part 103 and is suitable for concrete with a maximum size of aggregate up to 40 mm. The apparatus consists essentially of two hoppers; each in the shape of frustum of a cone, and one cylinder, and they are placed above one another, as shown in Fig. 4 .
Compressive test. The mould used for the concrete cube casting was 100 × 100 × 100 mm. The mould was filled in three layers, each layer being compacted by 25 strokes by using a 16 mm diameter metal rod. The concrete cubes were demoulded after 24 hrs and cured in a tank of water. The compressive strength gained was measured at the ages of 7 and 28 days. 
RESULTS AND DISCUSSION
Setting times
The variations of the setting time of concrete with UEOs are shown in Fig. 5 . The setting times decreased with addition of UEOs to cement. Similar decrease in setting times was also reported by Abdelaziz [32] in 2011. Fig. 5(a) represents the initial and final setting times of OPC with DUEO. The initial and final setting times decreased by 15.2 % and 5.6 % respectively when 0.3 % cement weight of DUEO was added to the cement. Although the addition of DUEO decreased these setting times, they still remain within the allowable minimum and maximum setting times. Similarly, the same trend is shown in Fig. 5(b) which shows the setting times of OPC with PUEO. The initial and final setting times decreased by 9.1 % and 7.4 % respectively at 0.3 % PUEO. These results in Fig. 5 show that both UEO have a similar effect on the setting times of OPC. The presence of heavy metals in the UEOs that are characterized as initiators of the hydration process are responsible for this effect on the setting times [34] .
Optimum amount of UEOs
The optimum amounts of UEOs were estimated by considering the effect of the UEOs on the workability and compressive strength of concrete. To determine the values of the optimum amounts of UEOs, a plot of workability (slump value) and compressive strength against the dosage of UEO was done on the same graph. The compressive strength value was the 28 th day compressive strength of the OPC concrete with UEO. The compressive strength and slump values are on the right and left y-axes respectively, while the dosage of admixture is on the x-axis. Two lines representing the values of compressive strength and slump and their corresponding dosage of admixtures are plotted. The point at which both lines intersect is obtained as the optimum amounts of UEOs. The plot can be seen in Fig. 6 below. From the plotted graphs, the optimum values of DUEO and PUEO are 0.8 % and 0.6 % respectively, and correspond to approximately 32 N/mm 2 and 31 N/mm 2 respectively. Meanwhile, the slump values of OPC concrete with UEOs are shown in Fig. 7 . The graph indicates that the UEOs increase the workability of OPC concrete. However, PUEO has higher workability on OPC concrete than DUEO. The difference in chemical composition and operation they were subjected to are responsible for this slight difference on workability. Similarly, Fig. 8 and Fig. 9 highlight the effects of UEOs on the 7 th and 28 th day compressive strengths of OPC concrete. The trend shows a decrease in compressive strength as UEOs increases. The decrease in compressive strength of concrete with UEOs was caused by the air entraining property induced into the concrete by the UEOs. This effect creates tiny pores in the concrete, thus reducing the density and compressive strength of the concrete [28] . Another reason for compressive strength reduction was 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 Fig. 10 shows the graphs of workability of OPC concrete with optimum UEOs and SF. The amounts of SF added to OPC concrete with optimum UEOs are 10 % and 15 % cement replacements. The results in the graphs show decrease in slump values as the amount of SF increased. In Fig. 10(a) , an addition of 10 % and 15 % SF decreased slump by 9.2 % and 14.5 %, while Fig. 10(b) indicates 14.3 % and 17.6 % respectively. The presence of SF decreased workability by significantly lowering the spread diameter of the cement paste due to its relatively high water absorption capability, and the high tendency of its particles to flocculate in aqueous suspensions [22] . Although the addition of SF decreased workability, the slump values of concrete with UEOs and SF remain within the values of the mix design.
Effect of SF on OPC concrete with UEOs: Workability
Effect of SF on OPC concrete with UEOs: Compacting factor
A compaction test was carried out to establish the effect of SF on the degree of compaction of OPC concrete containing UEOs. The results of the compaction test are shown in Fig. 11 . The addition of 10 % SF to OPC concrete containing UEOs increased the compacting factor values, however, further increment, by adding 15 % SF showed no further increase in the compacting factor values. In Fig. 11(a) , the compacting factor value of OPC concrete with DUEO increased from 94 % to 95 % when 10 % SF was added, and this value remained the same as 15 % SF was added. Similarly, in Fig. 11(b) , the compacting factor increased from 94 % to 96 % when 10 % SF was added to concrete with PUEO, and remained at 96 % as SF was increased to 15 %. Generally, it can be seen that the difference in the compacting factors of concrete with two UEOs and SF is not significant. 30 
Effect of SF on OPC concrete with UEOs: Compressive strength
The compressive strength of concrete is one of the most important properties of hardened concrete. The 28 th day compressive strength of concrete with UEOs and SF are presented in Figure 12 . The trend in Fig. 10 shows that compressive strength of concrete with UEO decreased when 15 % and 10 % SF were added. In Fig. 12(a) , addition of 15 % and 10 % SF increased the compressive strength of OPC concrete with DUEO from 31.7 N/mm 2 to 36.1 N/mm 2 and 42.4 N/mm 2 respectively. These values represent 13.6 % and 33.8 % compressive strength increments respectively. On the other hand, Fig. 12(b) shows the value for OPC concrete with PUEO and SF. It can be seen that addition of 15 % and 10 % SF reduced the compressive strength. However, concrete with the lower percentage of SF had higher compressive strength. The compressive strength of OPC concrete with PUEO with addition of 15 % and 10 % SF increased from 30.6 N/mm 2 to 35.5 N/mm 2 and 41.9 N/mm 2 respectively. This showed 36.9 % and 17 % increase in compressive strength of OPC concrete with PUEO. The increment in compressive strength occurred due to the presence of SF that provided stronger binding of and filling of voids around/between the concrete constituents leading to a more adherence concrete mix. The obtained result of the compressive strength values of concrete with UEOs and SF are similar to results reported by Gupta et al. [26] . 
CONCLUSIONS
This research investigated the effect of DUEO and PEUO with Silica Fume (SF) on OPC concrete. Addition of UEOs to OPC concrete increased the workability of concrete, while the compressive strength decreased as the percentage of UEO increased. The optimum amounts of UEOs were obtained by evaluating the slump values and compressive strengths of OPC concrete with UEOs. The optimum value of DUEO and PEUO were 0.8 % and 0.6 % weight of cement. These amounts of UEOs were added to OPC concrete and SF of 10 % and 15 % cement replacement were added. The results showed that addition of SF to OPC concrete with UEOs decreased the slump values of concrete. Increasing the amount of SF from 10 % to 15 % further decreased workability of the concrete.
The compacting factor of OPC concrete with optimum UEO slightly increased when SF was added. However, the compressive strength changed significantly. The compressive strength of OPC concrete with DUEO increased by 13.6 % and 33.8 % when 10 % and 15 % 140 SF were added. On the other hand, the strength increased by 36.9 % and 17.6 % when 15 % and 10 % SF, respectively, were added. It is worthy to note that addition of the higher amount of SF to concrete with the UEOs gave different compressive strength gain.
